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(54) Footwear. 



(57) An energy return system to be positioned in the midsole region of an athletic shoe comprises a top 
member made of resilient material and including a base having a plurality of integrally formed, closely 
spaced, downwardly depending and downwardly tapering elements, a bottom member made of resilient 
material and including a base having a plurality of corresponding integrally formed, closely spaced, 
upwardly extending and upwardly tapering elements, and sandwiched between the tips of the two set of 
elements a thin stiff intermediate sheet, the tips of the two pluralities of elements being aligned face to 
face with the stiff sheet positioned between them. 
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This invention relates to footwear in general and in particular to shoes to be used for sporting activities 
such as running, jogging, walking or playing games. For convenience such shoes will be hereinafter called "ath- 
letic shoes" 

The design of athletic shoes has improved dramatically in recent years. Originally such shoes had iittie or 
5 no cushioning in the soles and runners and other sportsmen began to find serious problems in joints and bones 
as a result of the pounding which occurs during the sporting activity. In recent times various degrees of cush- 
ioning have been built into athletic shoes to absorb shocks so as to lessen the negative skeletal impact and 
improve the perceived comfort to the user. This has helped to reduce the shock forces in the body. However 
mere cushioning is not enough. Thus, if one simply has a shoe which only absorbs all of such forces, this means 
10 that a great deal of energy is lost during each stride and so the athlete will tire more quickly. 

Therefore it is desirable to design the soles of athletic shoes so that not only are the negative shock forces 
absorbed, but also the positive energy absorbed must as far as possible be returned to the athlete to enhance 
his performance and stamina. This is often termed "energy return". 

The invention therefore is concerned with this aspect of athletic shoes and it is an object of the invention 
is to provide a high energy return in athletic shoes whilst at the same time providing excellent cushioning. 

According to the invention there is provided an athletic shoe in which the midsole region includes at least 
one energy return system comprising a top member made of resilient material and including a base having a 
plurality of integrally formed, closely spaced, downwardly depending and downwardly tapering elements, a bot- 
tom member made of resilient material and including a base having a plurality of corresponding integrally 
20 formed, closely spaced, upwardly extending and upwardly tapering elements, and sandwiched between the 
tips of the two set of elements a thin stiff intermediate sheet, the tips of the two pluralities of elements being 
aligned face to face with the stiff sheet positioned between them. 

The above arrangement acts both as a cushioning system and a very responsive (quick recovery) energy 
return system. Thus it returns positive energy to the athlete faster and in significantly larger amounts than prior 
25 midsole systems made from polyurethane or ethylene vinyl acetate. 

Energy return is the activity which occurs after the maximum compression of the system is reached. Thus 
the system must first absorb or cushion shock forces and then the rebound phase immediately begins as the 
weight or load of the impact is lifted and that weight or load is propelled off the midsole by the energy return 
system. Thus to a performance athlete it is highly desirable that as much of the positive energy force which 
30 have been absorbed be returned as quickly as possible to the athlete so as to enhance his performance by 
causing him less physical fatigue through energy loss and generally aid in improving his performance and en- 
durance. 

It is preferred that the energy return system according to the invention be provided in the midsole heel region 
of the shoe so as to cushion and generally return the positive absorbed forces to the athlete's foot in that area. 

35 Preferably the top and bottom members are made of natural or synthetic rubbers such as butadiene rub- 

bers, natural rubbers or combinations thereof; most desirably at least one member is made from a butadiene 
rubber. Such members have better strength and resiliency and resist permanent compression set and molecular 
degradation better than the polyurethane or ethylene vinyl acetate materials which are conventionally used as 
cushioning systems in the midsole heel region of athletic shoes. 

40 Desirably the material of the top member has a Shore A hardness of from 30 to 80, and more preferably 

from 45 to 60. It is also desirable that the material of the bottom member have a Shore A hardness of from 30 
to 70, and more preferably from 35 to 40. 

The precise choice of hardness for the top and bottom members will depend upon the particular activity 
for which the shoe is designed and on the weight of the user. Thus the heavier the intended user the harder 

45 the system should be and conversely the lighter the intended user the softer the system should be. 

The piece of stiff intermediate material sandwiched between the tips of the two pluralities of elements can, 
for example, be a nylon or polypropylene sheet. It needs to be stiff or rigid enough to resist excessive flexing 
so as to ensure that the forces are applied tip to tip between the two corresponding elements. Desirably the 
thickness of this sheet should be from 0.3 to 0.7mm, and more preferably about 0.5mm. 

50 Also the cohesive friction forces between the tips and the material of the intermediate sheet needs to be 

high, so as to prevent slippage and maintain the tips so that they are aligned and so that the compression forces 
exerted on the system passes downwardly through to aligned tapering elements. 

It is preferable that each of the tapering elements be of substantially hemispherical shape. This has the 
advantage that initially the areas of contact between the tips and the intermediate member are small but as the 

55 force or load increases then the areas will increase relatively rapidly as the elements become compressed and 
so the resistance to compression also increases rapidly with compression. This rate of increase in resistance 
to compression can be altered as required by choice of the number, cross sectional shape and dimension, 
height, hardness and arrangement of the tapering elements to suit the degree of cushioning and energy return 



2 



EP 0 510 943 A2 



required and to suit the weight of the intended user. 

Desirably the energy return system according to the invention also includes alignment elements at the cor- 
ners or at opposed positions of the top and bottom members for joining one to the other and then the overall 
system can be permanently fixed in a cavity in the midsole of the shoe. 

5 The energy return system used in an athletic shoe according to the invention can be used on its own or 

employed together with other cushioning and/or shock absorbing systems within the same shoe. As an example 
the system used according to invention can be used with an overlaying sheet of a material having a low hard- 
ness, an almost zero compression set and a low percentage rebound resilience. The resulting combined system 
has improved shock absorption and energy return. 

10 The invention will now be described, by way of example, with reference to the accompanying drawings, in 
which: 

Figure 1 is an exploded view showing the component parts of an athletic shoe according to the invention; 

Figure 2 is a side view of the energy return system in the shoe shown in Figure 1; 

Figure 3 is a section taken on the line 3-3 of Figure 2; and 
15 Figure 4 is a section taken on the line 4-4 of Figure 3. 

The athletic shoe 10 according to the invention is shown in Figure 1 in an exploded form with all its com- 
ponents separated. In general terms the shoe is of entirely conventional construction apart from the energy 
return system 12 which is incorporated in the heel area of the midsole in the resulting shoe. 

The shoe 10 comprises an upper 14, an insole 16, a midsole 18, and an outsole or tread 20. All of these 
20 component parts are entirely conventional and their construction is conventional in the art of athletic shoe mak- 
ing. 

In the midsole 18 in the heel area is a cavity 22 and it is in this cavity 22 that the energy return system 12 
is positioned. The top of the energy return system 12 lays flush with the top inside surface of the midsole. 

Turning now to Figures 2 to 4 these show in more detail the energy return system 12 used in a shoe ac- 
25 cording to the invention. Above the system 12 is a flat upper sheet 30 of a material having a iow hardness, an 
almost zero compression set and a low percentage rebound resilience. 

Beneath the sheet 30 is an top resilient member 32 made of natural rubber and having a Shore A hardness 
of 50 and a bottom resilient member 34 made of butadiene rubber and having a Shore A hardness of 35. Be- 
tween these two is sandwiched a 0.5mm thick sheet 36 of ultra high molecular weight polyethylene having a 
30 molecular density as high as 6,000,000 g/mole. The sheet is available under the trade name Superiene and 
has the following properties: 

2 

Tensile strength (DIN 53455) 40N/mm 
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Elongation (DIN 53455) 350% 

Flexural stress at 35%(DIN 53452) 16N/mm 2 

Ball indentation hardness 

2 

30 sec value (DIN 53456 test load 365n) . . . 36N/rnm 

Shore hardness (DIN 53505) 61.65 

Working temperature (DIN 53461) +95/-200°C, 



The top resilient member 32 is in the form of a flat sheet having a number of integral spaced and downwardly 
depending elements 38. These elements are of substantially hemispherical cross-section as is best seen in 
50 Figure 4 and so taper in the downward direction, the resilient member 34 is similar except that it is inverted so 
that the elements 38a which are equivalent to the elements 38 now extend upwardly and their hemispherical 
shapes are inverted in comparison with the elements 38. 

As best seen in Figure 4 the tips or extremities of the elements 38 and 38a of the two members 36 and 38 
are aligned with one another with the sheet 36 sandwiched in between. This has the effect of assisting in keeping 
55 them in an alignment since the cohesive friction between the tips of the elements 38 and 38a and the sheet 36 
prevents one element sliding over the other as might be the case if the sheet 36 were omitted. 

In order to ease assembly and generally hold the system 1 2 in one piece, at the four comers of the members 
36 and 38 are provided integral pillars 40 and 42, respectively. As best seen in Figure 4 the pillar 40 has an 
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integral downwardly extending plug 44 which extends into a corresponding socket 46 in the upper end of the 
pillar 42. The receipt of the plug 44 in the socket 46 holds the two pillars, and therefore the two members 32 
and 34, together. 



Claims 

1. An athletic shoe in which the midsole region includes at least one energy return system comprising a top 
member made of resilient material and including a base having a plurality of integrally formed, closely 

10 spaced, downwardly depending and downwardly tapering elements, a bottom member made of resilient 

material and including a base having a plurality of corresponding integrally formed, closely spaced, up- 
wardly extending and upwardly tapering elements, and sandwiched between the tips of the two set of ele- 
ments a thin stiff intermediate sheet, the tips of the two pluralities of elements being aligned face to face 
with the stiff sheet positioned between them. 

15 

2. A shoe as claimed in Claim 1 in which the energy return system is provided only in the midsole heel region 
of the shoe. 

3. A shoe as claimed in either Claim 1 or 2 in which the top and bottom members are made of natural or 
2Q synthetic rubber, or a combination thereof. 

4. A shoe as claimed in Claim 3 in which at least one of the members is made of butadiene rubber. 
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5. A shoe as claimed in any preceding claim in which the material of the top member has a Shore A hardness 
of from 30 to 80. 

6. A shoe as claimed in Claim 5 in which the material of the top member has a Shore A hardness of from 45 
to 60. 

7. A shoe as claimed in any preceding claim in which the material of the bottom member has a Shore A hard- 
30 ness of from 30 to 70. 

8. A shoe as claimed in Claim 7 in which the material of the bottom member has a Shore A hardness of from 
35 to 40. 

35 9. A shoe as claimed in any preceding claim in which the sheet of stiff intermediate material sandwiched be- 
tween the tips of the two sets of elements is a sheet of polyethylene, or polystyrene. 

10. A shoe as claimed in any preceding claim in which the thickness of the intermediate sheet is from 0.3 to 
0.7mm. 

40 11. A shoe as claimed in Claim 10 in which the thickness of the intermediate sheet is about 0.5mm. 

12. A shoe as claimed in any preceding claim in which each of the tapering elements is of substantially hem- 
ispherical shape. 

45 13. A shoe as claimed in any preceding claim in which alignment elements are provided at the corners or at 
opposed positions of the top and bottom members for joining one to the other. 

14. A shoe as claimed in any preceding claim in which a sheet of a material having a low hardness, an almost 
zero compression set and a low percentage rebound resilience overlays the top member. 
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15. An athletic shoe substantially as herein described with reference to the accompanying drawings. 
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